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Question 1 (20%). 

Briefly explain the following concepts  

a) Serially correlated error term 
b) Heteroscedastic error term 
c) Stationary time series 
d) Measurement error  
e) Structural form equation 

 

  



Question 2 (40%). 

 A researcher has estimated the demand function for airline seats in the US based on  data for 
1149 different routes from the year 1997. A simple demand function for airline seats is 

(1) log(𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝) = 𝛽𝛽0 + 𝛽𝛽1log (𝑓𝑓𝑝𝑝𝑓𝑓𝑝𝑝) + 𝛽𝛽2 log(𝑑𝑑𝑑𝑑𝑝𝑝𝑑𝑑) + 𝛽𝛽3[log(𝑑𝑑𝑑𝑑𝑝𝑝𝑑𝑑)]2 + 𝑢𝑢1 

where  

𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝= average number of passengers per day 

𝑓𝑓𝑝𝑝𝑓𝑓𝑝𝑝 =average airfare (price) in US$ 

𝑑𝑑𝑑𝑑𝑝𝑝𝑑𝑑=route distance in miles 

a)If (1) is truly a demand function, what should be the sign of 𝛽𝛽1? 

Table 1 shows results from different estimated equations based on the data set for these 
variables from the year 1997. lpassen is 𝑙𝑙𝑙𝑙𝑙𝑙(𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝), lfare is 𝑙𝑙𝑙𝑙𝑙𝑙(𝑓𝑓𝑝𝑝𝑓𝑓𝑝𝑝), ldist is 𝑙𝑙𝑙𝑙𝑙𝑙(𝑑𝑑𝑑𝑑𝑝𝑝𝑑𝑑), 
ldistsq is [log(𝑑𝑑𝑑𝑑𝑝𝑝𝑑𝑑)]2. vhat is the residual from the regression in column (3). The variable 
𝑐𝑐𝑙𝑙𝑝𝑝𝑐𝑐𝑝𝑝𝑝𝑝 is a measure of market concentration on the route defined as the share of flights 
conducted by the largest carrier (company).  Table 2 presents descriptive statistics for passen, 
fare, dist and concen. 

b) What is the estimated price elasticity of demand according to the results in Table 1? 

c) What is the interpretation of the regression equations in column (2) and (3)? 

d) Explain how the equation in column (2) is estimated. 

e) Briefly explain the economic argument for using the variable concen as an instrumental 
variable 

f) Explain what is meant by weak instruments. Use the results in Table 1 to decide whether 
you have a weak instrument problem in this case. 

g) Explain how you can test whether the price variable, lfare, is exogeneous. Use the results 
in Table 1 to test the hypothesis that lfare is exogeneous.  

h) A commentator argues that one should test for overidentification restrictions when using 
the instrumental variable approach. Do you agree with the commentator? Explain your 
answer.   

i) Using the results in column (2), describe how demand for seats depends on route distance 

 

  



Table 1. Estimation results. Estimated standard errors in parentheses. The text under the 
column number shows the dependent variable used in the regression. 

 (1) (2) (3) (4) 
 lpassen lpassen lfare lpassen 
     
lfare -0.391 -1.174  -1.174 
 (0.067) (0.388)  (0.367) 
ldist -1.570 -2.176 -0.936 -2.176 
 (0.629) (0.726) (0.272) (0.687) 
ldistsq 0.116 0.187 0.108 0.187 
 (0.048) (0.061) (0.021) (0.058) 
concen   0.395  
   (0.063)  
vhat    0.810 
    (0.373) 
Constant 13.230 18.014 6.190 18.014 
 (2.100) (3.217) (0.890) (3.042) 
     
Instruments - concen - - 
Observations 1,149 1,149 1,149 1,149 
Method OLS IV OLS OLS 
R-squared 0.057  0.408 0.061 

 

Table 2. Descriptive statistics. Means, standard deviations, min and max 

 Observations Mean Standard 
deviation Minimum Maximum 

passen 1149 601.042 763.5326 27 7637 

fare 1149 173.752 76.30483 37 460 

dist 1149 989.745 612.0313 95 2724 

concen 1149 0.61254 0.198131 0.192 1 

 

 

  



Question 3 (40%) 

Politicians are concerned of lack of teachers. There are teacher shortages in several 
municipalities. The municipalities have to employ teachers who are not formally qualified to 
be teachers. The teacher union argues that one reason for teacher shortages is high job 
pressure related to many students in the classroom. In order to reduce teacher shortages, the 
union has argued that the municipalities should employ more teachers in order to reduce the 
job pressure.  

You are asked to investigate the claim of the union. You are given access to data for 
municipalities where 

- Short = the percent of teachers not formally qualified 

- logTeacher = the logarithm of the number of teachers  

- logStudents = the logarithm of the number of students 

- Central = an index for the centrality of the municipality. The index has the lowest 
values for rural areas in the periphery and the highest values for the big cities.  

You plan to estimate the following model for the situation in the fall of 2019. 

(1) i 0 1 i 2 i iShort log Teachers Central uβ β β= + + +  

where subscript i denotes municipality and u is the error term. 

a) What are the necessary assumptions to obtain unbiased estimators by the Ordinary 
Least Square (OLS) method? 

b) Formulate hypotheses for the coefficients in the model (1). 

c) The results for the model are presented in column (1) in Table 3. Explain the statistics 
R-squared (coefficient of determination) and R-squared adjusted.  

d) Table 3 presents the estimated coefficients, with standard errors in parentheses. 
Interpret the findings in column (1). Are they in accordance with your hypotheses? 

e) An adviser suggests that you should include the number of students in the model. 
More teachers do not imply reduced job pressure if also the number of students increases.  It 
is the number of teachers given the number students that should matter. The adviser suggests 
that you estimate the model 

(2) i 0 1 i 2 i 3 i iShort log Teachers Central logStudents uβ β β β= + + + +  

The results are reported in column (2) in the table. Comment on the findings.  

f) The models in column (4) and (5) in Table 3 have imposed restrictions on equation 
(2). What are the restrictions? Test separately whether the model in column (4) and the model 
in column (5) are valid restrictions of the model in column (2). 

g) You are informed that you can get data for all years from 2010 to 2019. Can you use 
this extended data set to improve the credibility of your results? How can you specify the 
empirical model? 



h) You are also informed that some municipalities increased the number of teachers in 
2017 because they received increased grants from the national government. Some 
municipalties experienced a substantial change from this year. Can you use this information 
to improve the credibility of your results? How will you specify the empirical model? 

Table 3. Estimation results.  Estimated standard errors in parentheses. 

 (1) (2) (3) (4) (5) 

logTeachers 0.37 
(0.46) 

7.79 
(2.07) 

0.30 
(0.45) - - 

logStudents - -7.49 
(3.04) - - - 

Central -0.0173 
(0.0036) 

-0.0060 
(0.0047) 

-0.0060 
(0.0047) 

-0.0040 
(0.0035) - 

logTeachers –  logStudents - - 7.49 
(2.04) 

7.55 
(2.04) 

9.45 
(1.11) 

Constant 14.94 
(1.31) 

24.85 
(2.99) 

24.85 
(2.99) 

24.85 
(2.99) 

26.61 
(2.54) 

      
R-squared 0.1252 0.1533 0.1533 0.1524 0.1498 
R-squared adjusted 0.1210 0.1470 0.1470 0.1482 0.1477 
Observations 412 412 412 412 412 

 

 

  



Statistical tables 

 



 

  



 


